Mitogenic substances on humanperipheral blood mononuclear leukocytes were screened from culture nitrates of microorganisms newly isolated from soil and sea water by measuring [3H]-thymidine incorporation into the cells. Strong mitogenic activity was found in marine bacteria, particularly in marine vibrios. These mitogen samples exhibited neither hemagglutinating activity nor leukoagglutinating activity. They could scarcely stimulate murine lymphocytes.
Mitogens, which induce transformation in a polyclonal range of lymphocytes, are useful tools for the fundamental studies in immunology, i.e., studies on the mechanism of lymphocyte activation or in vitro diagnosis of immune function. Some plant lectins1) are known to be mitogenic, and classified with respect to animal species specificity and proliferating cell specificity. Microorganisms were also found to produce mitogens such as lipopolysaccharides2) (LPS) and the lymphocytosis-promoting factor of Bordetella pertussis.^Most of these mitogens, however, show high species specificity and act only on rodent lymphocytes. Therefore, clinical studies for elucidation of the humanimmunefunction lag far behind those concerning rodents. tried to obtain new mitogens for human lymphocytes from microorganisms and found much mitogenic activities in marine bacteria.
In this paper, we describe the distribution of mitogen producers amongnewly isolated microorganisms and the cell-cell interaction mechanismof humanleukocytes in response to the most potent microbial mitogen obtained. log(aSI) = (l//i)XOog SIj)
MATERIALS AND METHODS

Materials
where SIj is the SI in a mitogenic assay for each MNL donor and n is the number of assays. In the experiment with fractionated cells described below, the average radioactivity incorporated into cells (aC) was calculated with the following equation:
where Cj is the radioactivity in each mitogenic assay and n is the numberof assays. The conditions for the mitogen assay for murine lymphocytes were identical to those for human MNLexcept for the cell concentration (2.5 x 106 cell per ml) and the serum used (FCS).
Fractionation of human mononuclear leukocytes. Human phosphate-buffered saline (pH 7.0), followed by mixing with a drop of a 2~3% suspension of human, horse, chicken and rabbit erythrocytes with a micromixer (Kowakizai, Tokyo) for 1 min. After 60~120min, hemagglutinating activity was determined by observation with the naked eyes.
Mitomycin C treatment. The separated leukocyte frac-tion was incubated with mitomycin C (mmc) (25jUg/ml culture) at 37°C in a humidified CO2incubator under a flow of 5% CO2in air, and then washed three times with PBS.
Preparation of mitogen samples. The microorganisms examined were newly isolated and divided into four groups with respect to their habitats and the isolation procedures. The S-series bacteria were isolated from soil with trypto-soy medium (Eiken Chemical Co., Tokyo), the H and V-series bactera from sea water with trypto-soy medium and thiosulfate-citrate-bile-sucrose (TCBS) medium (Eiken), respectively, and the A-series actinomycetes from soil with a medium (pH 7.0) containing 1% glucose, 0.4% Daigo Polypepton, 0.2% Ehrlich meat extract (Kyokuto), 0.2% yeast extract (Difco) and 2% agar. The S-series strains and the H and V-series strains were cultured with shaking at 30°C for 20hr in a medium (pH 7.0) containing 3% peptone and 0.5% yeast extract in tap water, and in a mixture of sea and tap water (1 : 1, v/v), respectively. The A-series strains were cultured with shaking at 30°C for 48hr in a medium (pH 6.0) containing 0.5% Polypeptone, 0.1% yeast extract, 1.5% lactose and 0.05% MgSO4 in 0.05 m phosphate buffer. The culture broths were centrifuged at 10,000 x g for lOmin to removecells, except for those of the A-series strains, which were filtered through a filter paper (Toyo-Roshi, No. 2).
The resulting supernatants were filtered through a membrane filter (HA 0.45/im, Millipore Japan, Tokyo) and then used directly as mitogen samples. As shown in Table I , only ten samples showed average Si's exceeding 4, 8 of them being from H-series bacteria.
RESULTS
Screening of mitogen producing bacteria
None of these 57 samples showed hemagglutinating activity toward human (blood types A, B and O), horse, chicken or rabbit erythrocytes or humanleukocyte agglutinating activity, though the control plant lectins agglutinated human lymphocytes.
Finally we chose three strains, H 49-4, H 52-2 and H 79-1, as the best mitogen producers. These three were all isolated from sea water and grew well on TCBS medium. Table II shows the taxonomical properties of these strains. According to Cowan,n) the results suggest they are 'vibrios.' Table I . Occurrence of HumanLymphocyte Mitogen-producers amongMicroorganisms The [3H]-thymidine uptake in the absence of a mitogen sample was 894±488cpm(mean±S.D.). The SI values for Con. A (25/zg/ml), PWM(1 /ig/ml), PHA (1 /ig/ml) and LPS (5 /ig/ml) at the optimal dose were 53.7, 28.8, 95.5 and 1.57, respectively. The SI values for the media used for cultivating soil bacteria, marine bacteria and actinomycetes were 0.785, 1.01 and 0.885, respectively.
Animal species specificity
The proliferative response of murine lymphocytes to the above three samples is shown in b No effect on glucose. depleted cells. On the other hand, the decreases in the responses of T-enriched and T-depleted cells proliferated in response to plant mitogens were not so great. The mitogen response of T-enriched and Tdepleted cells to sample H 52-2 was restored by mixing the two types of cells with each other (Figure 1 ). The highest response to sample H 52-2 was obtained with the mixture of T-enriched and T-depleted cells at a ratio of 75 :25, with which [3H]-thymidine uptake was rather higher than that in the case of unfractionated MNL. This result rules out the possibility that the reduction in the mitogen response was due to a loss or inactivation of the responding cells during the cell fractionation procedure.
Effect of mitomycin C treatment on the rnitogenic response
MNLwere fractionated into three cell fractions by the combination of the plastic adherence method and the E-rosette sedimentation method, as described in Fig.2 . The separated cell fractions were treated with mmc. As shown in Table VI , the proliferative response of the mmc-treated E-R(+) cell fraction to Con.A, PWMand sample H 52-2 was markedly reduced compared to the response of an untreated culture. In the mixture of the E-R(+) and adherent cell fractions, when the adherent cell fraction had been pretreated with mmc,a high proliferative response to PWM and sample H 52-2 was observed, whereas,
when the E-R(+) cell fraction was pretreated with mmc, the response was markedly reduced, especially in the case of sample H 52-2. Onthe other hand, in the mixed culture of the E-R(+) and mmc-treated E-R(-) cell fractions and that of the mmc-treated E-R(+) and E-R(-) cell fractions, the proliferative re- 
DISCUSSION
From the results of our screening, it is concluded that marine bacteria, especially marine vibrios, are rich sources of mitogenic substances for human lymphocytes. Oishi et al. systematically screened hemagglutinating activity in microorganisms and showed that highly active strains were present in marine vibrios.13) Mitogen samples from our selected strains did not agglutinate mammalianerythrocytes, in which they differ from bacterial lectins. They also differ from plant mitogenic lectins. They are humanspecific, whereas plant mitogens display broad species specificity.
Humanlymphocyte mitogens of microbial origin were known to be distributed predominantly in pathogenic strains as toxic substances or to be components of the cell wall or cell membrane; i.e., pyrogenic exotoxin,14) Mprotein15) and lipoteichoic acid16) whereas that at 80°C resulted in a 55% decrease. The remaining activity was quite stable and heating at 100°C had no further effect on the activity.
With the exception of bestatin, the microbial mitogens mentioned above have high molecular weights and are heat labile.
In these points, the present mitogen is considered to be a novel one. The mitogen response of human lymphocytes to plant mitogens requires cell-cell interaction;
i.e., the proliferative response of human T cells to Con.A only occurs in the presence of monocytes,33) and the stimulation by PWM of human B cells to proliferate and In the former case, non-T lymphocytes or macrophages (monocytes) play an accessory role in proliferation ofT cells, and in the latter case, T cells play an accessory role in the proliferation of non-T lymphocytes.
